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Four ferrocene NLO-phores have been characterized by
ORGANOMETALLIC NLO POLYMERS. LINEAR MAIN- single-crystal molecular structure determinations. Several

CHAIN NLO POLYMERS OF FERROCENE structural features are worth noting. In all the systems we
have prepared to date the cyano group is found in a Z-
relationship to the ferrocenyl moiety. The coplanarity of the

Michael E. Wright* and Edward G. Toplikar system appears related to the electronic nature of the
substituents on the vinyl group. Notably, the p-bromophenyl

Deprtment of Chemistry & Biochemistry, group n id is rotated considerably out plane from the x-
Utah State University, Logan, Utah 84322-0300 system; whereas, It can be seen that the 4-pyridyl in ic is

nearly coplanar with the x-system.

Monomer Synthesis. Through chemistry developed in
Introducion our laboratory we can prepare complex 2 starling from readily

available materials. Compound 2 is smoothly 0-alkylated and
The discovery of ferrocene over four decades ago marked then treated with n-BuU and DMF to afford complex 3 (Scheme

the beginning of organometallic chemistry.' The ferrocene unit I). Removal of the dimethyl-terf-bu Isilyl protecting group
has proved itself to be a versatile building block with excellent using tetrabutylammonlum fluoride aftords complex 4 which
thermal and photochemical stability.' Polymeric materials serves as a pivotal Intermediate in our synthetic strategy.
which contain organometallic moieties have become a well Treatment of 4 with ethyl cyanoacetate in the rreence of
developed and mature subdiscipline of polymer chemistry.3  potassium carbonate affords monomer 5 in high yield.
The ferrocene unit has been incorporated Into polymers as a Coupling of 4 with cyanoacetic acid using
pendant group' and also as part of the polymer backbone. dicyclohexylcarbodiimide (DCC) affords the AB monomer 6.

Monomer 6 is found to be very base sensitive and rapidly
undergoes an intramolecular Knoevenagel condensation which
makes purification procedures extremely difficult.

-- O <Scheme 1
I 0
Fe

> CO2EA H =
CN

i. NaK T4 Fe 2)
A very recent use of ferrocene complexes has appeared Fe 6 F OSI(Me)2 (t-Bu)

in the area of nonlinear optical (NLO) materials.! Based on 2. -l"e21s0e° 1e)2f-&4
both theorey' and experimental' data, ferrocene compoundspossess large hyperpolarizability values (i.e. P). These data nu S-uUl F

combined with excellent thermal and photochemical stability 3 CHO
make ferrocene systems a top organometallic candidate for use 2
in NLO materials.' Our research program has recently
demonstrated that a ferrocene complex bound to poly(methyl NSU4 F
methacrylate) copolymer can be successfully aligned and exhibit 0, (CH2)6- OH
the optical property of second harmonic generation (SHG).'

We describe herein the synthesis of several novel IFe

ferrocene monomers and their utilization in the preparation of 4

main-chain organometallic NLO polymers.
CliO

Results & Discussion CN" CO EI CNHC2Crystallographic Study of Ferrocene NLO-phores c 2CO / O.CNcHc.onCO

Treatment of ferrocenecarboxaldehyde with active methylene 40C
compounds results in high yields of the condensation product 1
(eq I)." For the preparation of 1c and ld we employed lithium . o V
dllsoropylamine In place of 14CO, The reactions proceed in "2y-- ($) 6- OH-

nearly quantitative yield with no apparent side reactions. O (642)6

H Fe
CHOX2 4 CN

I K2CO3 .T ,. 40 C I XCO
2 E

Fe L Fe ( C CliO 6

xj .X,-a.x CN'.X2.CO2Et
lb. x, . X2 .CN -;
1C, X -CN. X2 .4pyfidyl

I d, x, CN. X2 - 4-01C6H5s'~i



Polymer Synthesis & Characterization. We first mixture (0.03 g) and 6 (0.91 g& 2.21 mmol) was treated will,
atmedto 5yer moomr y treatment with DMAP (0.27 &, 2.21 mmol) to see if the molecular wei lt coltid

TiOC,),an eain hemitreto10 C nerabyroe be increased. GPC analysis of this product sliowe_11 a peak
tmosphere andheet2n. thmxe potof 50 pCounderatioen corresponding to an average molecular weight of M.= 6,700.

reaction was an intractable purple solid. Carrying out the Spcrsoidaafrteolm. HNR(DI6S.1
polymerization at 200 *C in a neat melt produced a similar (s, 1 K, CHO), 4.98 (tL 1= 2 Hz, 2 H, Cp), 4.72 (t, 1= 2 1I ,, 2
intractable purple solid. In this latter reaction we identified H, Cp), 4.29 (t, 1= 2 Hz, 2 H, ipso-Cp), 4.24 (in, 4 11, Cpl and
1,6-hexanediol as volatile by-product of the *polymerization" CU.Z), 4.13 (s, 2 H, CpCHbO), 3.42 (in, 2 H, OC!U, 1.74 (in, 2
reaction. We seen similar results when polymerizing monomer H, CUI,, 1.59 (in, 2 H, Cgj,, 1.41 (in, 4 H, ClID; "C NMR
7 in that an intractable purple solid was obtained with (CDCI,) 8 163.2 (SO,), 158.4 (Cli=), 116.8 (CN), 86.8 (ipso-Cp),
spectroscopic (IR and UV-Vis) and analytical analogous to that 77.3 (ipso-Cp), 74.6 (Cp CH), 72.2 (Cp CHi), 71.2 (Cp CHI), 70.8
expected for a polyester. (Cp CH), 70.4 (CpCHO12), 68.0 (CI 12), 66.1 (CT 1,), 29.5, 28.5,

25.7, 25.5 (H~)
Scheme 2
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